The influence of transverse magnetic field on time-dependent peristaltic transport of electrically-conducting fluids through a microchannel under an applied external electric field with induced electric field effect is considered, based on lubrication theory approximations.
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INTRODUCTION
Significant technological advances have been made in recent years in the field of microscale pumping designs including the development of microfluidics devices, micropumping and peristaltic micropumping [1] . An electro-osmotic pump is capable of generating high pressure and flow without moving mechanical parts and a robust design in this regard has been presented by Goodson et al. at the Nano Heat Mechanical Engineering Laboratory, Stanford University, USA [2] . Peristalsis is a physiological mechanism which achieves excellent and efficient transport of materials via periodic contraction of the conveying conduit. In this sense it is a smart system as it responds to electrical nerve stimulation and is mobilized intelligently to varying needs. Exploiting this principle of peristalsis, an electrostatically-actuated, biomimetic, micro-peristaltic pump has also been designed and fabricated by Xie et al. [3] . A microfluidic peristaltic pump has further been developed by Thomas and Dorrer [4] . Most recently, a microfluidic device comprising pumps, valves, and fluid oscillation dampers has been engineered by Chou et al. [5] . Furthermore an efficient, valve-less microfluidic peristaltic pumping method has been introduced by Zhang et al. [6] . A theoretical study on electromagneto-hydrodynamic micropumps using Jeffrey viscoelastic working fluids in two parallel microchannels has been reported by Si and Jian [7] . As elaborated earlier, peristalsis is a unique mechanism in biology which comprises an automatic periodic series of muscle contractions and relaxation that occurs during movement of, for example, food bolus through the digestive system, urine flow from the kidneys into the bladder, transportation of bile from the gall bladder into the duodenum and many other physiological systems. Peristalsis has been studied in medical sciences for over a century. In the context of theoretical and experimental fluid Mathematical and computational models provide nowadays an essential compliment to experimental studies. They further allow the optimization of new designs which are critical for sustained performance in many areas including medicine, process, aerospace and nuclear engineering. Although Bég et al. [23] studied electrohydrodynamic flows in diabetic micropumps and included electrical Reynolds number and electrical slip effects, they did not consider the peristaltic mechanism i.e. the analysis in [23] was confined to a non-deformable channel. Electrokinetic theory was first applied to peristaltic transport by Chakraborty [24] who explored the deployment of an axial electric field (and therefore an axial electro-kinetic body force) for enhancing microfluidic pumping rates in peristaltic microtubes and examined the modes of interaction between the electro-osmotic and peristaltic mechanisms for the effects of occlusion number, characteristic electro-osmotic velocity and the peristaltic wave speed. This work demonstrated that for small occlusion numbers, an axial electrokinetic body force in peristalsis may successfully augment the time-averaged flow rate and improve efficiency considerably. The work in [24] however was confined to the case of an electroosmotic slip boundary condition and external electric field effects were neglected in the model.
Electrokinetics is the study of a group of numerous complex phenomena which occur in particles (solid, liquid or gas) containing fluids which respond to an intrinsic or extrinsic electric field. Essentially it involves the hydrodynamics of the movement of ionic solutions in the vicinity of electrically-charged interfaces. The seminal work in this field is that of Saville [25] , which addresses both chemical engineering and biophysical phenomena. Electrokinetic phenomena include di-electrophoresis (the force applied to polar liquids in the presence of nonuniform electric fields which has also been utilized for digital bio-microfluidics), electroosmosis, diffusiophoresis, capillary osmosis, sedimentation potential, streaming potential/current, colloid vibration current and electric sonic amplitude effects, to name a few. for electrokinetic peristaltic pumps may be considerable [33] [34] . Electrokinetic pumping without peristalsis has been shown to be limited to relatively few applications e.g. capillary electrophoresis which is ideal for electroosmotic) but presents a number of difficulties including the micro-machining expense of specific surfaces needed to operate (usually glass), over-sensitivity to ionic composition of the buffer (hydroxyl group dissociation at the walls), relatively high-voltage sources and switches which are costly and difficult to install and also may have associated health hazards. Many of these drawbacks are considered in [35] - [41] .
Other works have rigorously explored magnetohydrodynamic peristaltic pumping and identified certain advantages and disadvantages of this method. These include the studies of Kumari and Radhakrishnamacharya [42] and Ramesh and Devakar [43] which have also incoporated slip effects and couple stress rheological effects. Other researchers have explored magnetohydrodynamic transport with a range of different formulations including Lorentz body forces [44] , streamwise magnetic field [45] , ferrohydrodynamics [46] , magnetic nanofluids [47] , magnetic induction [48] and mesoscopic hydromagnetic heat transfer [49] . Furthermore 
MATHEMATICAL FORMULATION
The geometric model for the electrokinetic peristaltic transport under transverse magnetic field through a finite length ( L ) channel, as a simulation of an electromagnetic biomimetic pump, depicted in Fig.1 , is mathematically defined according to the following relations:
where a , ,  , , c , t , L are the radius of tube, amplitude, wavelength, axial coordinate, wave velocity, time and channel length. direction and static magnetic field in the transverse direction (i.e. mutually orthogonal subject to Maxwell's equations) can be shown to take the form:
where , , , ,
, and e  denote the fluid density, velocity vector, pressure, fluid viscosity, electrokinetic body force, and the density of the total ionic change respectively and
is the electric current density (based on Ohm's law), B  is magnetic field,  is the electrical conductivity of the fluid. The Poisson-Boltzmann equation for electric potential distribution (developed due to the presence of the electrical Debye layer i.e. EDL) is described as:
where  is the permittivity and 
Integrating Eq. (7) and using boundary conditions (8) , the axial velocity is obtained as: 
Using Eqn. (9) and boundary condition (8), the transverse velocity from the continuity equation (6) is obtained as: 
where ) ( 0 t G is arbitrary function of time (t) to be evaluated by using finite length boundary conditions. The pressure difference can be computed along the axial length by the expression: 
The flow rate is defined as: The time averaged volume flow rate may then be defined as:
Using Eqn. (9), the stream function in the wave frame (obeying the Cauchy-Riemann equations,
) takes the form: 
RESULTS AND DISCUSSION
A parametric study of the influence of the key electro-magnetic and hydrodynamic parameters on the flow variables has been conducted. Solutions are illustrated in Figs. 2-6. 
. Black lines show the single wave propagation. 
. Black lines show the single wave propagation. , therefore inhibits flow in this regime whereas the magnetic body force has the opposite influence. It is also worth emphasizing that the magnitudes of velocity in fig. 2a are evidently an order of magnitude greater than those in fig. 2a . However, effectively the electrokinetic effect (linked to electrostatic axial body force) achieves better hydrodynamic control than the magneto-hydrodynamic body force and this is of great relevance to precision design in micro-pumps [34, 35] .  With an increase in electrical field parameter (i.e. maximum electro-osmotic velocity), maximum time-averaged flow rate is significantly elevated.
 With greater axial distance, pressure differences are markedly decreased.
The present work has ignored rheological working fluids. These will be addressed in the near future using different non-Newtonian approaches.
